
DISTAL PROTECTION FILTER 

Field of the Invention 
The present invention relates generally to devices and methods for treating 
occluded or stenoic blood vessels. More particularly, the present invention relates to 
5 devices and methods for providing temporary placement of a filter in a blood vessel 
during a procedure to remove an occlusion or stenosis. 

Background of the Invention 
It is critical to the health of the human body that the heart muscle be well 
oxygenated so that the blood pumping action of the heart is not impaired. Blood vessels 
10 which have become occluded (blocked) or stenotic (narrowed) may interrupt the oxygen 
supply to the heart muscle. 

Occluded or stenotic blood vessels may be treated with a number of medical 
procedures including angioplasty and atherectomy. Angioplasty techniques such as 
percutaneous transluminal angioplasty (PTA) and percutaneous transluminal coronary 
15 angioplasty (PTC A) are relatively non-invasive methods of treating a stenotic lesion. 
These angioplasty techniques typically involve the use of a guidewire and a balloon 
catheter. In these procedures, a balloon catheter is advanced over a guidewire such that 
the balloon is positioned proximate a restriction in a diseased vessel. The balloon is then 
inflated and the restriction in the vessel is opened. During an atherectomy procedure, the 
20 stenotic lesion is mechanically cut or abraded away from the blood vessel wall using an 
atherectomy catheter. 

During atherectomy procedures, stenotic debris that is separated from the stenosis 
may be free to flow within the lumen of the vessel. If this debris enters the circulatory 
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system, it may facilitate the formation of an occlusion in the neural vasculature or in the 
lungs, both of which are highly undesirable. An occlusion in the neural vasculature may 
cause a stroke, and an occlusion in the lungs may interfere with the oxygenation of the 
blood. During angioplasty procedures, stenotic debris may also break loose due to 
5 manipulation of the blood vessel. 

Stenotic debris may be captured by placing a filter distally of the site where 
atherectomy, angioplasty, etc. is being performed. Stenotic debris flowing within the 
vessel may be captured within the filter. As the volume of the captured debris increases, 
it may become necessary to remove the filter from the body so that the captured debris 
10 can be removed therefrom. Repeatedly removing the filter from the body for emptying 
may extend the length of the procedure and increase the wear and tear on the patient's 
vasculature. 

Summary of the Invention 
The present invention relates generally to devices and methods for treating 

15 occluded or stenoic blood vessels. More particularly, the present invention relates to 
devices and methods for providing temporary placement of a filter in a blood vessel 
during a procedure to remove an occlusion or stenosis. In an implementation of the 
present invention the filter includes a first portion and a second portion. The first portion 
preferably has a generally conical shape defining a base diameter, an apex, and a first 

20 included angle. The second portion preferably has a shape that may be generally 
described as a truncated cone. The second portion defines a second included angle, a first 
diameter and a second diameter. 
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In another embodiment in accordance with the present invention comprises an 
elongate shaft having a proximal end and a distal end, and a filter fixed to the elongate 
shaft proximate the distal end thereof. A filter assembly in accordance with the present 
invention may further include a means for reducing the volume of the debris that is 

5 disposed within the filter. In certain implementations of the invention, the means for 
reducing the volume of the captured debris comprises a lumen defined by the elongate 
shaft. A fluid source may be coupled to the proximal end of the elongate shaft such that 
it fluidly communicates with the lumen. A pharmaceutical agent may be injected into the 
lumen and delivered to a location proximate the filter. In one aspect of the present 

10 invention, the pharmaceutical agent is one that will partially or completely dissolve the 
captured debris. 

In another implementation of the present invention, the elongate shaft comprises 
an electrically conductive core and an electrically insulating layer overlaying the 
electrically conductive core. In this implementation of the invention, the means for 
15 reducing the volume of the captured debris may comprise a radio frequency energy 
source electrically coupled to the conductive core of the elongate shaft and at least one 
aperture extending through the electrically insulating layer of the elongate shaft. In one 
aspect of the present invention, radio frequency energy may be used to ablate the 
captured debris. 

20 

Brief Description of the Drawings 
Figure 1 is a perspective view of a filter assembly in accordance with the present 
invention; 
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Figure 2 is a plan view of the filter system including the filter assembly of Figure 

l; 

Figure 3 is an additional plan view of the filter system of Figure 2; 
Figure 4 is a plan view of a filter assembly in accordance with an add ition al 
5 embodimentaf the present invention; 

Figure 5 is an enlarged plan view of a portion of the filter assembly of Figure 4; 
Figure 6 is a diagrammatic representation of a filtering system in accordance with 
an additional exemplary emb odiment o f the present invention; 

Figure 7 is a plan view of a filter assembly that may be used in conjunction with 
5r 10 the filter system of Figure 6; 

Figure 8 is an additional plan view of the filter assembly of Figure 7; 

i 

H] Figure 9 is an enlarged cross-sectional view an electrode of the filter assembly of 

m 

in Figure 5; and 

O Figure 10 is an enlarged cross-sectional view an electrode for use in a filter 

15 assembly in accordance with an additional exemplary embodiment of the present 

y invention. 
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Detailed Description of the Invention 
The following detailed description should be read with reference to the drawings, 
in which like elements in different drawings are numbered in like fashion. The drawings 
which are not necessarily to scale, depict selected embodiments and are not intended to 
5 limit the scope of the invention. In some cases, the drawings may be highly 
diagrammatic in nature. Examples of constructions, materials, dimensions, and 
manufacturing processes are provided for various elements. Those skilled in the art will 
recognize that many of the examples provided have suitable alternatives that may be 
utilized. 

10 Figure 1 is a perspective view of a filter assembly 1 in accordance with the 

present invention. Filter assembly 1 includes a filter or filter fabric 2 connected to an 
elongate shaft 4. Proximal end of filter 2 defines a filter mouth. The filter mouth can be 
biased into an open position by a strut assembly 6 including a plurality of struts 8. Struts 
8 are connected at their proximal ends to a filter mouth frame 1 1, and at their distal ends 

15 to strut attachment legs 12. Attachment legs 12 are preferably connected to shaft 4 by 
solder brazing or adhesive. Filter 2 can include a first portion 62 and a second portion 
64. Second portion 64 can have a wall to shaft angle greater than the wall to shaft angle 
of first portion 62. The significance of this feature will be explained in more detail 
below. 

20 Figure 2 is a plan view of filtering system 40 in accordance with an additional 

embodiment of the present invention. Filtering system 40 of Figure 2 includes filter 
assembly 1 of Figure 1 and a retrieval sheath 60. Retrieval sheath 60 includes a wall 20 
defining a lumen 22 having an inner diameter 66. Filter assembly 1 comprises an 
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elongate shaft 4 and a filter 2. In a preferred embodiment, filter 2 may be urged to a 
position within lumen 22 of retrieval sheath 60, for example, by pulling on a proximal 
end of elongate shaft 4. 

In the embodiment of Figure 2, filter 2 is shown having an expanded shape. In a 
preferred embodiment, filter 2 has an expanded shape and a contracted shape. Filter 2 
may assume the contracted shape when it is urged into lumen 22 of retrieval sheath 60. 

In the embodiment of Figure 2, first portion 62 has a generally conical shape 
defining a base diameter 68, an apex 70, and a first included angle 72. Also in the 
embodiment of Figure 2, second portion 64 has a shape which may be generally 
described as a truncated cone. Second portion 64 of Figure 2 defines a second included 
angle 74, a first diameter 76 and a second diameter 78. 

In a preferred embodiment, base diameter 68 of first portion 62 is similar to inner 
diameter 66 of retrieval sheath 60 when filter 2 assumes an expanded shape. In a 
particularly preferred embodiment, first portion 62 is configured so that it is capable of 
assuming a base diameter that is generally smaller than inner diameter 66 of retrieval 
sheath 60 when filter 2 assumes a contracted shape. In this particularly preferred 
embodiment, the expansion of first portion 62 is limited so that base diameter 68 of first 
portion 62 is generally less than or equal to inner diameter 66 of retrieval sheath 60 when 
filter 2 assumes an expanded shape. Limiting the expansion of base diameter 68 of first 
portion 62 preferably reduces the likelihood that debris captured by filter 2 will cause 
first portion 62 to excessively bulge radially outward as filter 2 is urged into lumen 22 of 
retrieval sheath 60. Limiting the expansion of base diameter 68 of first portion 62 also 


preferably reduces the likelihood that a physician will be unable to pull filter 2 within 
lumen 22 of retrieval sheath 60. 

In a preferred embodiment, second diameter 78 of second portion 64 is similar to 
the diameter of a blood vessel when filter 2 assumes an expanded shape. Also in a 
5 preferred embodiment, first diameter 76 of second portion 64 is similar to base diameter 
68 of first portion 62. In a particularly preferred embodiment, first diameter 76 of second 
portion 64 is substantially equal to base diameter 68 of first portion 62. 

In a preferred embodiment of filter 2, first included angle 72 of first portion 62 is, 
for example, between about 3 degrees and about 30 degrees when filter 2 assumes an 
Hj 10 expanded shape. In a particularly preferred embodiment of filter 2, first included angle 
y 72 of first portion 62 is, for example, between about 7 degrees and about 55 degrees 

Jf § when filter 2 assumes an expanded shape. 

Jjj In a preferred embodiment of filter 2, second included angle 74 of second portion 

Q 64 is, for example, between about 35 degrees and about 90 degrees when filter 2 assumes 

i ■ 

H= 15 an expanded shape. In a particularly preferred embodiment of filter 2, second included 

Q 

O angle 74 of second portion 64 is, for example, between about 40 degrees and about 60 

degrees when filter 2 assumes an expanded shape. 

Figure 3 is an additional plan view of filter assembly 1 of Figure 2. In Figure 3, 
filter 2 is shown without membrane 28. In Figure 3, it may be appreciated that filter 
20 assembly 1 includes a frame 26 comprising a plurality of struts 34. In the embodiment of 
Figure 3, frame 26 also includes a limiter 80 that is coupled to struts 34. 

In a preferred embodiment, limiter 80 limits the expansion of first portion 62 of 
filter 2 so that base diameter 68 is similar to inner diameter 66 of retrieval sheath 60 
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when filter 2 assumes the expanded shape. In the embodiment of Figure 3, limiter 80 
comprises a wire 82 which forms a loop 84 disposed about struts 34. Limiter 80 may 
comprise various limiting elements without deviating from the spirit and scope of the 
present invention. Examples of limiting elements that may be suitable in some 
5 applications include wires, threads, rings, hooks, and loops. 

Figure 4 is a plan view of a filter assembly 100 in accordance with an exemplary 
embodiment of the present invention. Filter assembly 100 includes an elongate shaft 104 
having a proximal end 106, a distal end 108, and a filter 102 that is preferably fixed to 
elongate shaft 104 proximate distal end 108 thereof. Elongate shaft 104 of filter 
}Z 10 assembly 100 includes a wall 120 defining a lumen 122 and a plurality of apertures 124. 
5 In the embodiment of Figure 1, apertures 124 are disposed proximate filter 102. 

y In Figure 4, a fluid source 110 of filter assembly 100 is shown coupled to a hub 

CO 112 that is disposed about elongate shaft 104 proximate proximal end 106 thereof. Fluid 

p source 1 10 is preferably capable of injecting fluid into lumen 122 of elongate shaft 104. 

!Z 15 In the embodiment of Figure 4, fluid source 110 includes a housing 114 defining a 

PI 

Jri variable volume chamber 116 that is preferably in fluid communication with lumen 122 

of elongate shaft 104. In this exemplary embodiment, fluid source 110 further includes a 
plunger 118 slidingly disposed within variable volume chamber 1 16. Urging plunger 118 
distally preferably urges fluid from variable volume chamber 1 16 through lumen 122 and 
20 out of apertures 124. 

In a preferred embodiment, apertures 124 are disposed proximate filter 102. In a 
preferred method in accordance with the present invention, a pharmaceutical agent may 
be injected into lumen 122 and delivered to a location proximate filter 102. The 
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pharmaceutical agent is preferably one that will partially or completely dissolve debris 
that is captured within filter 102. 

Various energy sources may be utilized to urge plunger 118 distally. Energy 
sources that may be suitable in some applications include springs, compressed gas, a 
human being, and electricity. It will be appreciated that many embodiments of fluid 
source 110 are possible without deviating from the spirit and scope of the present 
invention. Examples of fluid sources that may be suitable in some applications include 
peristaltic pumps, I.V. pumps, and I.V. bags. 

Figure 5 is an enlarged plan view of a portion of filter assembly 100 of Figure 4. 
In Figure 5 it may be appreciated that filter 102 includes a frame 126 and a membrane 
128 disposed in a generally conical arrangement. Membrane 128 defines a plurality of 
holes 130 extending therethrough. In the embodiment of Figure 4, frame 126 includes 
zigzag member 132 and a plurality of struts 134. Zigzag member 132 is preferably 
configured such that it has a contracted shape and an expanded shape. In a preferred 
embodiment, the contracted shape and the expanded shape of zigzag member 132 are 
both generally cylindrical. In a particularly preferred embodiment, the contracted shape 
has a contracted radius that is smaller than an expanded radius of the expanded shape of 
zigzag member 132. Filter membrane 128 may be adhered to zigzag member 132, for 
example, by a solvent casting method, wherein the liquid membrane polymer is dipped 
over the zigzag member 132 and allowed to cure and solidify. 

In the embodiment of Figure 5, a portion of each strut 134 is disposed within 
lumen 122 of elongate shaft 104. Struts 134 are preferably fixed to elongate shaft 104. 
Various fixing methods may be used to fix struts 134 to elongate shaft 104 without 


deviating from the spirit and scope of the present invention. Examples of methods that 
may be suitable in some applications include soldering, brazing, adhesive bonding, 
mechanical coupling, and welding. Examples of welding processes that may be suitable 
in some applications include LASER welding, resistance welding, TIG welding, and 
microplasma welding. LASER welding equipment that may be suitable in some 
applications is commercially available from Unitek Miyachi of Monrovia, California and 
Rofin-Sinar Incorporated of Plymouth, Michigan. Resistance welding equipment that 
may be suitable in some applications is commercially available from Palomar Products 
Incorporated of Carlsbad, California and Polaris Electronics of Olathe, Kansas. TIG 
welding equipment that may be suitable in some applications is commercially available 
from Weldlogic Incorporated of Newbury Park, California. Microplasma welding 
equipment that may be suitable in some applications is commercially available from 
Process Welding Systems Incorporated of Smyrna, Tennessee. 

At the distal end of filter 102, membrane 128 may be adhered to a spine 136 of 
filter 102 by a suitable adhesive such as, for example, cyanoacrylates. In the embodiment 
of Figure 2, a coil tip 138 is disposed at the distal end of spine 136. 

Membrane 128 of filter 102 preferably has a thickness of between 25 microns and 
100 microns and most preferably about 40 microns. Membrane 128 is preferably formed 
from polyurethane or other biocompatible material such as, for example, polyesters or 
silicones. Filter 102 can be coated with various coatings to impart various functional 
performance characteristics, one example being a thrombus resistant coating such as 
Heparin to discourage clot formation on filter 102. Holes 130 can be formed using 
various methods. Examples of processes that may be suitable in some applications 
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include LASER cutting, punching, and drilling. LASER cutting equipment that may be 
suitable in some applications is commercially available from Unitek Miyachi of 
Monrovia, California and Rofin-Sinar Incorporated of Plymouth, Michigan. Drills and 
punches that may be suitable in some applications are commercially available from 
5 Technical Innovations Incorporated of Brazoria Texas. A micro drill press is 
commercially available from Louis Levin & Sons Incorporated of LaMirada, California 
which identifies it with the model number 0021-07. An additional micro drill press is 
commercially available from National Jet Drill Company of Cumberland, Maryland 
which identifies it as a NAJET model 1M. Yet another micro drill press is commercially 

: : 

H 10 available from Minitool Incorporated of Cambell, California which identifies it as an 

5 

=F ULTRA DRILL 4000. 

r= 

y The size of holes 130 can vary along the length of filter 102 for example, larger 

yi 

y holes may be placed more proximally and smaller holes more distally or vice versa. The 

rr-; 

S size of the holes may transition gradually or abruptly in a proximal or distal direction. 

b 15 The holes shape can vary from circular a shape to rectangular, square, trapezoidal, oval, 

Q 

fy slit or other shape. A circular aperture may have a diameter of, for example, 100 microns 

whereas a slit may have a width of 100 microns and a length of 100 microns. The edges 
of the holes can be mechanically or chemically chamfered, etched or polished to provide 
a smooth and rounded layer to streamline the passage of blood from within the conical 
20 shape portion of the filter to outside of the filter. To limit thrombus formation, the holes 
size and design may be such that the shear forces that blood components are exposed to 
are appropriate while blood is passing through the filter. Thus, aperture sizes may be 
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selected to limit stagnation and re-circulation of blood in and around the filter while the 
filter is in use. 

Elongate shaft 104 is preferably configured such that it may be used as a 
guidewire for advancing surgical instruments thereover. For example, an angioplasty 
balloon could be advanced over elongate shaft 104 to a location just proximal of filter 
102. While filter 102 is deployed, angioplasty can be performed. Plaque and thrombus 
dislodged by the procedure will then drift distally into filter 102. Other procedures may 
be performed in this way including, for example, atherectomy and stent placement. 

Embodiments of the filter 102 are possible in which frame 126 comprises a shape 
memory material. Examples of shape memory materials that may be suitable in some 
applications include shape memory alloys and shape memory polymers. Examples of 
shape memory alloys that may be suitable in some applications include Nitinol. The 
word Nitinol was coined by a group of researchers at the United States Naval Ordinance 
Laboratory (NOL) who were the first to observe the shape memory behavior of this 
material. The word Nitinol is an acronym including the chemical symbol for nickel (Ni), 
the chemical symbol for titanium (Ti), and the acronym for identifying the Naval 
Ordinance Laboratory (NOL). Nitinol is commercially available from Memry 
Technologies (Brookfield, Connecticut), TiNi Alloy Company (San Leandro, California), 
and Shape Memory Applications (Sunnyvale, California). 

Figure 6 is a diagrammatic representation of a filtering system 240 in accordance 
with an additional exemplary embodiment of the present invention. Filtering system 240 
comprises a filter assembly 200 including an elongate shaft 204 having a proximal end 
206 and a distal end 208. A filter 202 is preferably fixed to elongate shaft 204 proximate 
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distal end 208 thereof. In the embodiment of Figure 6, an electrical connector 242 is 
disposed at proximal end 206 of elongate shaft 204. 

Elongate shaft 204 of Figure 6 comprises an electrically conductive core 244 and 
an electrically insulating layer 246 overlaying electrically conductive core 244. In the 
embodiment of Figure 6, a plurality of electrodes 248 are disposed proximate filter 202. 
Electrodes 248 are preferably coupled to electrically conductive core 244 of elongate 
shaft 204. In a preferred method in accordance with the present invention, electrodes 248 
may be used to ablate debris captured by filter 202. 

In Figure 6, an RF generator 250 is shown coupled to electrically conductive core 
244 of elongate shaft 204 via electrical connector 242, a mating connector 252 and a first 
lead wire 254. Filtering system 240 also includes a return electrode 249 coupled to RF 
generator 250 by a second lead wire 254. Return electrode 249 is preferably adapted for 
connection to the body of a patient. Return electrode 249 in the embodiment of Figure 6 
is pictured as a flat pad. Return electrode 249 may comprise, for example, a flexible 
conductive pad that conforms to the contours of a patient's body. Materials suitable for 
the conductive pad include metal foil and conductive ink disposed on a polymer 
substrate. Return electrode 249 is preferably adhered to the outside of a patient's body 
with an interface material that is both conductive and sticky, such as a hyrodgel adhesive. 
This configuration of an electrode disposed on a elongate shaft, and passive electrode pad 
may be referred to as a monopolar configuration. Bipolar embodiments of the present 
invention are also possible. In a bi-polar configuration, a return, or neutral electrode is 
disposed in close proximity to the electrode. For example, a return electrode could be 
disposed on an outer surface of insulating layer 246 of elongate shaft 204. 
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Figure 7 is a plan view of a filter assembly 300 that may be used in conjunction 
with the filtering system of Figure 6. In Figure 7 it may be appreciated that filter 
assembly 300 includes a filter 302 comprising a frame 326 and a membrane 328 disposed 
in a generally conical arrangement. Membrane 328 defines a plurality of openings 330 
extending therethrough. In the embodiment of Figure 6, frame 326 includes zigzag 
member 332 and a plurality of struts 334. Zigzag member 332 is preferably configured 
such that it has a contracted shape and an expanded shape. In a preferred embodiment, 
the contracted shape and the expanded shape of zigzag member 332 are both generally 
cylindrical. In a particularly preferred embodiment, the contracted shape has a contracted 
radius that is smaller than an expanded radius of the expanded shape of zigzag member 
332. Filter membrane 328 may be adhered to zigzag member 332, for example, by a 
solvent casting method, wherein the liquid membrane polymer is dipped over the zigzag 
frame and allowed to cure and solidify. 

Frame 326 also includes a plurality of struts 334. In the embodiment of Figure 7, 
a proximal portion of each strut 334 is fixed to elongate shaft 304 using a proximal collar 
356. In the embodiment of Figure 7, a distal portion of each strut 334 is fixed to elongate 
shaft 304 using a distal collar 356. It is to be appreciated that various fixing methods 
may be used to fix struts 334 to elongate shaft 304 without deviating from the spirit and 
scope of the present invention. Examples of methods that may be suitable in some 
applications include soldering, brazing, adhesive bonding, mechanical coupling, and 
welding. At the distal end of filter 302, membrane 328 may be adhered to a struts 334 of 
filter 302 with a suitable adhesive such as, for example, cyanoacrylates. In the 
embodiment of Figure 7, a coil tip 338 is disposed at the distal end of elongate shaft 304. 
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Elongate shaft 304 is preferably configured such that it may be used as a 
guidewire for advancing surgical instruments thereover. For example, an angioplasty 
balloon could be advanced over elongate shaft 304 to a location just proximal of filter 
302. While filter 302 is deployed, an angioplasty procedure can be performed. Plaque 
and thrombus dislodged by the procedure will then drift distally into filter 302. Other 
procedures may be performed in this way including, for example, atherectomy and stent 
placement. 

Figure 8 is an additional plan view of filter assembly 300 of Figure 7. In Figure 
8, filter 302 is shown without membrane 328. In Figure 8, it may be appreciated that 
filter assembly 300 includes a plurality of electrodes 348. Electrodes 348 are preferably 
located proximate frame 326 of filter 302. In a preferred embodiment, electrodes 348 
may be utilized to ablate debris that is disposed within filter 302. 

Figure 9 is an enlarged cross-sectional view an electrode 348 of filter assembly 
300 of Figure 8. In Figure 9 it may be appreciated that elongate shaft 304 of filter 
assembly 300 includes an insulating layer 346 and a electrically conductive core 344. In 
a preferred embodiment, insulating layer 346 overlays a substantial portion of electrically 
conductive core 344. 

In Figure 9, it may also be appreciated that each electrode 348 of filter assembly 
300 comprises an electrode body 358 that is coupled to electrically conductive core 344 
of elongate shaft 304. In a preferred embodiment, insulating layer 346 defines a plurality 
of openings 330. In the embodiment of Figure 8 and Figure 6, each opening 330 
corresponds with an electrode body 358. Thus, it may be appreciated that insulating layer 
346 does not substantially cover electrodes 348. Openings 330 defined by insulating 
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layer 346 preferably allow direct contact between one or more electrode bodies 358 and 
debris that has been captured by filter 302. This contact preferably creates a conductive 
path between electrically conductive core 344 and the captured debris. In a preferred 
embodiment, electrodes 348 may be utilized to ablate debris that is disposed within filter 
302. 

Insulating layer 346 may comprise various materials without deviating from the 
spirit and scope of the present invention. Examples of materials which may be suitable in 
some applications include fluoropolytetrafluoroethylene (PTFE), polyethylene(PE), 
polypropylene (PP), polyvinylchloride (PVC), and polyurethane. A number of 
manufacturing processes may be used to create insulating layer 346. For example, a 
portion of insulating layer 346 may be made up of sections of shrink tubing. The shrink 
tubing sections may be positioned over electrically conductive core 344 of elongate shaft 
304 then shrunk by the application of heat. A spray process may also be used to apply 
insulating layer 346 to filter 302. For example, PTFE solids in a suitable solvent carrier 
may be applied to electrically conductive core 344 using a spraying process. 

Another material that may be used to fabricate insulating layer 346 is a 
thermoplastic generically known as parylene. There are a variety of polymers based on 
para-xylylene. These polymers are typically placed onto a substrate by vapor phase 
polymerization of the monomer. Parylene N coatings are produced by vaporization of a 
di(P-xylylene)dimer, pyrollization, and condensation of the vapor to produce a polymer 
that is maintained at comparatively lower temperature. In addition to parylene-N, 
parylene-C is derived from di(monochloro-P-xylylene) and parylene-D is derived from 
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di(dichloro-P-xylylene). It is to be appreciated that parylene may be applied in various 
ways without deviating from the spirit and scope of the present invention. 

Figure 10 is an enlarged cross-sectional view an electrode 448 for use in a filter 
assembly 400 in accordance with an additional exemplary embodiment of the present 
invention. Electrode 448 may, for example, be used in the filter assembly of Figure 9. 
Filter assembly 400 of Figure 10 includes an elongate shaft 404 comprising an 
electrically conductive core 444 and an insulating layer 446. In a preferred embodiment, 
insulating layer 446 overlays a substantial portion of electrically conductive core 444. 
Electrode 448 of filter assembly 400 comprises an opening 430 defined by insulating 
layer 446. Opening 430 defined by insulating layer 446 preferably allows direct contact 
between electrically conductive core 444 and debris that has been captured by a filter of 
filter assembly 400. This contact preferably creates a conductive path between 
electrically conductive core 444 and the captured debris. In a preferred embodiment, 
electrode 448 may be utilized to ablate debris that is disposed within a filter of filter 
assembly 400. 

Having thus described the preferred embodiments of the present invention, those 
of skill in the art will readily appreciate that yet other embodiments may be made and 
used within the scope of the claims hereto attached. Numerous advantages of the 
invention covered by this document have been set forth in the foregoing description. It 
will be understood, however, that this disclosure is, in many respects, only illustrative. 
Changes may be made in details, particularly in matters of shape, size, and arrangement 
of parts without exceeding the scope of the invention. The invention's scope is, of 
course, defined in the language in which the appended claims are expressed. 
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